Introduction {#sec1}
============

Nosocomial transmission during the Coronavirus Disease 2019 (COVID-19) global pandemic, which has since surpassed the severe acute respiratory syndrome (SARS) outbreak in 2003 in terms of spread and mortality, is an undesirable outcome that no healthcare institution would welcome. Not only does it expose the vulnerable population in the healthcare setting, it also places the healthcare workers (HCWs) who are greatly needed to fight this pandemic at risk. The World Health Organization (WHO) - China Joint Mission on COVID-19 reported that 2055 HCWs from 476 hospitals across China were infected with the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) as of February 20, 2020.[@bib1] This number is expected to rise not just in China but likely in other parts of the world as well.

SARS-CoV-2 is capable of human-to-human transmission and is spread via respiratory droplets and fomites during close unprotected contact.[@bib1] Viable viral particles have been isolated from surfaces up to 72 h after inoculation.[@bib2] Appropriate infection prevention and control measures taking into consideration staff protection and patient safety are required to contain and prevent the spread of COVID-19.

Radiographers may be exposed to SARS-CoV-2 during procedures such as radiography and Computed Tomography (CT) of the chest that are performed routinely to assess severity and progression of disease. However, the greatest risks likely occur during procedures such as ultrasound (US) and interventional radiology (IR) due to the prolonged patient contact. Protocols are therefore necessary to mitigate the risk of radiographers being infected to protect the other HCWs, patients and public. With these goals in mind, this paper aims to describe the prevention of COVID-19 nosocomial transmission during radiographic procedures utilizing stringent infection prevention and control at a leading tertiary hospital in Singapore.

Measures of infection prevention and control for radiographic procedures during COVID-19 {#sec2}
========================================================================================

Staff education {#sec2.1}
---------------

The experience with the 2003 SARS outbreak in which Singapore was one of the hardest hit countries has shown the importance of acquiring expert advice to refine procedures and review practices. These steps were vital to close any potential gaps and reinforce proper infection control techniques.[@bib3] Hospital staff have learned that it was critical to invest in staff education after the SARS outbreak in order to contain the spread of disease.

An infection control team consisting of representatives from each modality is tasked to educate, update and ensure adherence to hospital approved COVID-19 protocols at all times. At the onset of the outbreak, the team worked with the hospital\'s Infection Prevention and Epidemiology unit to create specific instructions and protocols for each modality. These instructions and protocols are readily available on the hospital intranet for ease of access. Apart from the previous efforts in conducting the compulsory annual hand hygiene and infection prevention online module, mandatory hands-on refresher courses on personal protective equipment (PPE) are also conducted for all employees including housekeeping and administrative staff.

Hand hygiene {#sec2.2}
------------

Proper hand hygiene is critical to prevent nosocomial transmission as the hands are the most frequent vector for transmission during radiographic procedures. In line with WHO recommendations, the hospital advocates[@bib4]:1.Washing with soap and water for hands that are visibly soiled2.Using an alcohol-based hand rub (ABHR) for hands that are not visibly soiled3.The five moments of hand hygiene which includes before touching a patient, before a clean or aseptic procedure, after body fluid exposure or risk, after touching a patient and after touching patient surroundings

To facilitate hand hygiene, ABHRs are provided in all procedure rooms, waiting area and along hospital corridors. The hospital was endorsed by WHO as one of the Global Hand Hygiene Expert Centre in 2011 following Singapore\'s signing of the pledge to the "Clean Care is Safer Care" program.[@bib5]

Personal protective equipment {#sec2.3}
-----------------------------

Inadequate personal protection was one of the main contributing factors leading to the high number of infected HCWs in China.[@bib6] PPE is necessary to diminish the risk of disease transmission.[@bib7]

Both the surgical mask and the N95 will protect the wearer from large droplets of blood or body fluids and the patient from the wearer\'s respiratory emissions. Compared to the surgical mask, the N95 however, is capable of reducing wearer\'s exposure to minute particles such as fine aerosolised droplets produced by coughing.[@bib8]

Eye protection such as goggles or face mask with visor is worn when performing procedures that may generate splashes or sprays of body fluids, or when the procedure is performed within 1.5 m of a coughing patient.[@bib9] Personalised goggles are distributed to radiographers in high risk area handling suspect or positive COVID-19 patients.

PPEs are stored in boxes as a one-stop storage solution for easy and convenient access. The location of the boxes is made known to all staff and the items are replenished each time they are used.

As HCWs, all radiographers are trained in the proper steps to don and doff PPE with annual audits in place to ensure compliance. [Table 1](#tbl1){ref-type="table"} summarizes the PPE used by radiographers during the COVID-19 outbreak.Table 1Personal protective equipment used by the radiographers during the COVID-19 outbreak.Personal protective equipment used by radiographers during COVID-19 outbreakPersonal protective equipmentRoutine general radiography, ultrasound and CT (computed tomography) scan proceduresRoutine interventional radiology procedureGeneral radiography, ultrasound, CT (computed tomography) scan and interventional radiology procedures for suspect or positive COVID-19 patientSurgical maskYesYesNoN95NoNoYesDisposable fluid-resistant isolation gownNoNoYesDisposable surgical glovesYesYesYesGoggles or face mask with visorNoYesYesHair capNoYesYes

In the radiology department, a baseline of 10 days' worth of supplies is kept in the store to ensure PPE stocks are adequate to meet the hospital demand. Active monitoring of the PPE supplies on a daily basis is aided by the creation of a chart by the logistics section of the department.

At the time of writing this article, no shortage of PPE stocks has been reported. PPE stock is obtained directly from the national stockpile. According to the 2014 Ministry of Health (MOH) pandemic readiness and response plan for influenza and other acute respiratory diseases, a 3--6 month of PPE stock is maintained for the national hospitals and clinics. Resupply of PPE occurs when the PPE stockpiles fall below 90% of the baseline stock.[@bib10]

Specific infection control protocol {#sec2.4}
-----------------------------------

Prior to admission, PPE in the form of surgical masks are provided to patients suspected of having the COVID-19 infection once they fulfil the screening criteria set by the hospital. These patients are isolated and any accompanying persons and visitors who demonstrate any respiratory symptoms or have returned from overseas in the past 14 days are not allowed to enter the hospital\'s premises. These patients will have their chest radiographs conducted on admission in the designated negative pressure rooms.

Subsequent general radiography (GR) and US imaging are obtained at the bedside where possible with designated imaging equipment to avoid transfer of patients. Radiographers work in pairs to handle COVID-19 patients, such that radiographers handling equipment will not be in contact with the patient and vice versa. After each procedure, the equipment is wiped down with the appropriate disinfectant wipes and terminal cleaning is performed. In our hospital, Medipal ® Disinfectant Wipes and Sodium hypochlorite 1000 ppm are used for surface and terminal cleaning respectively. These designated imaging equipment are parked in the isolation ward to prevent fomite transmission.

For studies that cannot be conducted bedside such as CT scan and certain IR procedures, the patient will be scheduled such that there is temporal segregation (for instance, scheduling COVID-19 cases to the afternoon, after the non-infected morning cases). The transport route will be via a planned specified route to minimize contact with other patients or HCW. [Table 2](#tbl2){ref-type="table"} summarizes the infection control protocol for radiographic procedures during the COVID-19 outbreak.Table 2Infection control protocol for radiographic procedures during COVID-19 outbreak.Infection control protocol for radiographic procedures during COVID-19 outbreakRadiographic proceduresRoutine protocolProtocol for suspect or positive COVID-19 patientPerforming locationProtocol after each scanPerforming locationPre-procedural protocolPost-procedural protocolUltrasoundUltrasound suite1.Disinfectant wipes are used to clean the machine, probe, couch and door handlesIsolation ward1.Portable machine is covered with disposable transparent plastic cover2.Sterile disposable gel is applied onto the probe before covering it with a disposable probe sleeve1.The transparent plastic cover of machine is turned inside out before disposal2.The probe sleeve is removed3.The machine and probe are cleaned with disinfectant wipes4.The plastic cover, probe sleeve and used disinfectant wipes are discarded into the general waste bin[a](#tbl2fna){ref-type="table-fn"}General radiographyGeneral radiography suite1.Disinfectant wipes are used to clean the x-ray tube, couch, control panel, vertical bucky and door handlesIsolation ward1.Portable machine and digital radiography detector are covered with disposable transparent plastic cover1.The transparent plastic cover of machine is turned inside out before disposal2.Portable machine and digital radiography detector are cleaned with disinfectant wipes3.The plastic cover, probe sleeve and used disinfectant wipes are discarded into the general waste bin[a](#tbl2fna){ref-type="table-fn"}CT (computed tomography) scanCT suite1.Disinfectant wipes are used to clean CT couch, immobilizing straps, mattress, door handle, patient slide and contrast injectorNegative pressure CT suite1.Equipment not required for the procedure are shifted to another room to minimize contamination.2.The CT table, scan console monitors and contrast media injectors are covered with disposable plastic covers3.A sign indicating "Isolation case" is placed on the door as visual warning1.The plastic covers of machine are turned inside out before disposal2.CT couch, immobilizing straps, mattress, door handle, patient slide and contrast injector are cleaned with disinfectant wipes3.The plastic cover, probe sleeve and used disinfectant wipes are discarded into the general waste bin[a](#tbl2fna){ref-type="table-fn"}Interventional radiologyInterventional radiology suite1.Imaging, clinical monitoring and other equipment are cleaned with disinfectant wipesInterventional radiology suite1.Equipment not required for the procedure are shifted out to minimize contamination.2.Required equipment will be wrapped in plastic covers.3.A sign indicating "Isolation case" is placed on the door as visual warning1.The plastic covers of machine are turned inside out before disposal2.All equipment are cleaned with disinfectant wipes3.The plastic cover, probe sleeve and used disinfectant wipes are discarded into the general waste bin[a](#tbl2fna){ref-type="table-fn"}[^1]

A study conducted in the Huoshenshan Hospital in Wuhan, China has shown that the environment of the health care setting with COVID-19 patients represented a potentially high infection risk area for both HCWs and other close contacts.[@bib11] Enhanced cleaning as part of infection control is therefore critical in preventing nosocomial transmission. Terminal and ultraviolet (UV) cleaning are mandatory after completion of CT and IR procedures. During the cleaning procedure, doors to the procedure room are closed to allow efficient exchange of air in the negative pressure room which exchanges air at a minimum of 12 air changes per hour as recommended by MOH.[@bib9] After UV cleaning is completed, the room is closed for a further 20 min to ensure that room air is exchanged before it is open for routine procedures.

Managing radiographers {#sec2.5}
----------------------

Measures are also in place to ensure that radiographers are fit for duty. It is mandatory for radiographers to undergo N95 mask fitting session. Radiographers who are pregnant, have asthma or chronic obstructive pulmonary disease or are certified unfit to wear the N95 mask by an Occupational Medicine Physician will be reassigned to low-risk areas requiring only surgical mask. These radiographers will also avoid participating in aerosol-generating procedures.

Radiographers are required to report their temperatures twice daily, even on off-duty days, via the online staff health surveillance system. Radiographers with respiratory symptoms are required to seek medical attention at the staff clinic to facilitate contact tracing should the need arises. Unwell radiographers with either travel or contact history or who has worked at a high-risk area will be isolated with swabs tests performed. In contrast, unwell radiographers without travel or contact history and has not worked at any high-risk area will be issued 5 days of medical leave to ensure full recovery before returning to duty ([Fig. 1](#fig1){ref-type="fig"} ).Fig. 1Journey of staff seeking medical attention at the in-house staff clinic. Journey of staff without respiratory symptoms (green foot prints). Journey of staff with respiratory symptoms without travel or contact history and has not worked at high risk area (blue footprints). Journey of staff with respiratory symptoms with travel or contact history or has worked at high-risk area (red footprints).

Leveraging on technology {#sec2.6}
------------------------

In line with the national recommendations, the hospital has leveraged on the use of technology with the implementation of SafeEntry and TraceTogether. When used simultaneously, both SafeEntry and TraceTogether will furnish critical information required for contact tracing. SafeEntry, a national digital system which record entries and exits, is used at the hospital to log the check-in and out of employees and visitors. The TraceTogether app uses Bluetooth signals to record proximity data on phones with the app. This app can estimate the distance between users and how much time they spent in contact. The TraceTogether app complements SafeEntry by diminishing the time taken to identify potential close contacts of COVID-19 cases, which is vital in mitigating new waves of infection.[@bib12]

Physical distancing {#sec2.7}
-------------------

Physical distancing is critical to slow the spread of COVID-19 as it can be infectious before the onset of symptoms. Strict adherence to physical distancing measures will help reduce the risk of transmission and the number of radiographers quarantined should anyone in the team be infected.[@bib13] Application of physical distancing includes the segregation of radiographers to work in a consistent but smallest functional team at different locations. Movement of these team of radiographers are restricted within the same campus. Working hours and meal breaks are staggered as well. HCWs are encouraged to pack takeout meals for consumption in designated staff areas. Seats and tables are also arranged to provide a 1 m distance between HCWs during mealtime[@bib14] ([Fig. 2](#fig2){ref-type="fig"} ).Fig. 2Individual seats are arranged such that each seat is separated by at least 1 m.

Additionally, meetings and lectures are conducted with teleconferencing applications such as Zoom and WebEx. Interaction between different teams is minimized, especially during change of shift and movement across different work areas. Information and regular updates are posted via emails, chat groups and a dedicated COVID-19 page on the hospital intranet. Any non-critical events involving more than 10 people are cancelled. However, if such events are unavoidable, surgical masks must be worn by all attendees and the meeting duration should be kept as short as possible. Administrative staff who can perform their work by telecommuting from home will be allowed to do so to reduce the need to return to and congregate at the workplace.

Since 2019, patients are encouraged to skip the queue for payment after procedures under the hospital\'s e-payment initiative where payment can be made online or via automated payment stations in the community. Crowding and long wait times are thus reduced, facilitating the observation of safe physical distancing.

As of July 25, 2020, there has not been a single case of infection among the radiographers despite the handling of 1637 COVID-19 cases, suggesting that the implemented measures have been adequate to prevent nosocomial transmission.

Conclusion {#sec3}
==========

Radiographers are a crucial part of the team in the fight against COVID-19 and will be at risk of being infected in the course of their duty. Strict adherence to appropriate infection control measures is therefore essential both for the safety of HCWs and patients, and the outcome of this ongoing pandemic.

The authors would like to acknowledge all colleagues from the Division of Radiological Sciences, Singapore General Hospital for their efforts during the COVID-19 pandemic. We would like to thank Aw Lian Ping and Tan Chin Chong for their valuable contribution in the preparation of the manuscript.

Contributors: All authors contributed to the conception or design of the work, the acquisition, analysis, or interpretation of the data. All authors were involved in drafting and commenting on the paper and have approved the final version.

Funding: This study did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Competing interests: All authors have completed the ICMJE uniform disclosure form at www.icmje.org/coi_disclosure.pdf and declare: no financial relationships with any organizations that might have an interest in the submitted work in the previous three years; no other relationships or activities that could appear to have influenced the submitted work.

Ethical approval: Ethical Requirement of Research Ethics Board approval for this project was formally waived by the institution.

[^1]: Disposal is via the general bin if there is no blood spillage and visible stains have been wiped down with the disinfectant wipes as the waste is incinerated at 800 °C which would have destroyed the virus.
